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Sum.m.ary 
This investigation was condt川巴dto clari[y histologically the origin and development of 
callus and shoots derivecl [rom stem segments of Chrysanthemum morifolium cv.‘Kayδ幽no幽
sakura' cult町 cdin vitro. The stem segments (2 mm in length) excised from the 3rd 
inteτnocle bclow the youngest expanded lea[ were grown on Murashige and Skoog's 
mcdia with auxins and kinetin individually or in combination， and collected at various 
stages of growth， and cxamined with a light microscope and a scanning electron micro-
scopc. The results obtained are summarized as [ollows: 
1. At the beginning of culturc， the internodal stem segment from the outside inward 
was composed o[ the [ollowing tissue regions: a cell layer of epidermis， 6 to 9 celllayers of 
cortex， endodcrmoid， vascular bundle and pith. The transverse section showed a pen・
tagonal form， and at the angles the 5 most prominent vascular司 bundleswere located. 
Two or three small bundles which developed intra[acicular cambium were arranged each 
betwe巴nlarge bundles. 
2. ln al the stem segments cultured in vitro， the cells of a few layer adjacent to the 
both cut sur[aces of segments showed neither enlargement nor division， and turned brown. 
3. Thc parcnchymatous cells in close proximity o[ the necrotic portions of morpho-
logically apical end of segments enlarged and divided more actively than those near the 
basal end contact to the nutrient medium. 
4. Stem segments developed characteristic histological responses to the kind， combi幽
nation or concentration of growth regulators added to the medium. 
(1) On th巴 mediumwithout growth regulators or with kinetin (1.0 mgll) alone， the 
parenchymatous cells of segments took place巴nlargementbut did not divide. All the 
segments tur・nedbrown by 20 days after incubation. 
(2) Enlargement and division were observed iri the parenchymatous cells just near the 
cut surface of apical end on the media with lAA (3.0 mgll) ， NAA (0.5 mgll) or 2，4-D 
(0.5 mgll) a丘町 2-5days of incubation. And immediately the callus mass was formecl 
in them except in the segments on the media with NAA alone. In the segments on the 
media with 2， 4-D， tracheary elements were also differentiatcd subsequent to the formation 
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of callus. Then， deep cracks were found in the piths， and the cells of cortex enlarged， 
separated from each other with large intercellular spaces and projected beyond the intact 
surface， and eventually the segments turned brown to die. 
(3) On the media with auxin plus kinetin， the parenchymatous cells of cortex， endo-
dermoid， cambium， xylem and pith actively divided and started to form a mass of callus 
within 5 days of incubation. Especially， the development of callus from parenchymatous 
cel1s corresponding large vascular bundles occurred vigorously， and in the cal1us mass 
from the outermost cel1s of cortex， organogenesis was induced. 
5. Shoot primordia were initiated on the cal1us mass which produced from the seg-
ments grown on the media with 1AA (3.0 mgfl)+kinetin (1.0 mgfl)， NAA (0.5 mgjl) 
十kinetin(both of 0.5 and 2.0 mgfl)， or 2， 4-D (0.5 mgfl)+kinetin (0.75 mgfl)， whereas 
on the media with NAA (0.5 mgfl)十kinetin(0.1 mgfl)， shoot primordia were not initiated 
on the cal1us mass in the segments， but root primordia were exclusively. 
6. The initials of shoot apices developed from repeatedly dividing cells which lay 
beneath the peripheral layer of the cal1us with a few tracheary elements and had dense 
cytoplasm and darkly stained large nuclei. 
7. 1n some leaves inserted ir the shoots regenerated from stem segments cultur・edin 
vitro， the cel1s immediately adjacent to the epidermis divided actively and became organized 






















シャーレ中で・頂部の方からJI開次長さ約 2mmlと機断して， 1茎から 3切片を調製し， '憾付片とした.
?~r 自主・ WrH' ED代・金将:キクの級機壊後 (第5線) 45 
の殺品:jおよび培地の誠製:茶の殺i!tHとは Tween20を0.1必添加した 0.1タ・采水を用いた.
また， .1:，削むには基本椛地として Murashigeand Skoog (MS)のf在地をJHい， 下記の生長調節物
質を単独あるいは総合せて添加した.a)生長調節j物質単独添加1(IAA 3.0 mg/l， NAA 0.5 mg/l， 
2，4-D 0.5 mg/l，カイネチン 1.0mg/l)，b)生長調節物質級合せ添加(IAA3 mg/l+:カイネチン










(1) パラフィン切片調製:採取した晴義物を70あアノレコー ノレで!l'd定し，プチ Jレアノレコー ノレで
i官.換・脱水後，パラフィンlζ包駅し， [ftl松ミクロトームで 8~12μ の尽さに切り，スライ F グラ
スに貼{干した.染色にはフレミングの近染色t去をjおいた.










稜と茎のゆ心を結ぶ線上lζは，外側から 1)EUの表皮， 6~91待の皮Jl\i'i ， U絞の内皮 (endoderm・




















Table 1 HisloJogical responses of slem segmcnls of C泊ryS(lIthellll lIlori/oliwlI cv. 'Kayふno回
sakura' lo differenl growth regulators in vitro 
Growth regulators Intensity 
I N 。 K Occurrence of cel Callus formation Tracheid Callus formation 




0.5 + + 十
3.0 1.0 十 4十 十
0.5 0.1 iH H十 1十 千科
0.5 0.5 H+ +H 十村
0 . 5 2.0 +十 よ十 十 十ト
0.5 0.75 +H H十 H十
Notc. 1: I1¥A， N: NAAラ D: 2，4“D， K: kinctinフ niJ， f. low， 十 modぞrate‘
H十 high.
Data scorcd aftcr 8 weeks of incubatiol1. 
Tablc 2 J¥lorphogenetic responses 01' stcm scgmenls ofω抑制themul1lmorifolium cv. 'Kayo-no司
sakura' to different growth regulators il vitro 
Growth regulators Percentage of segments 
N D Iえ with with with with with callus mcristemali( shOOl derived from (rngJI) ltssuc prirnordia shoo(s roots cpidermis 
O O O 。 O 
1.0 。 。 O 。 。
3.0 。 。 。 。 O 
0.5 。 。 。 O 。
0.5 。 。 。 O 。
:3.0 1.0 79.5 71.8 85.7 。 。
0.5 0.1 6.7 。 。 40.0 。
0.5 0.5 33.3 16.7 16.7 。 。
0.5 2.0 38.5 38.5 23. J 。 3.6 
0.5 0.75 82.1 29.2 O 。 17.5 
Note. 1: I1¥A， N: NAA， D: 2，4--D， K: kinetin. 
Data scored after 8 weeks of incubation. 
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化し，ォーキシンの種類やカイネチンの濃度によってシュートを分化した tl~f主主物の数 lζ差9~が認













られた(写真5).時三lζ，孤立1• )j~ Jjillj/]徒庁間近傍の皮脳iU外間， 内皮および鎚柔細胞の肥大がおこ
しかった.さらに，JJ[部切断frIUこドーム烈に燦り kった髄にはむ裂が生じた.時後7H 後には


























































( 1) NAA 0.5 mg/lとカイネチン 0.1mg/lの組合せ添加i区
このほの土台援物の細胞分裂は， i合後2日後iと演者1¥切断iTri:i1I傍の皮脳内凶および内皮から始まっ






培養15~20 日後には，皮摺;最外崎および内皮 áì米のカ Jレスは分裂が活滋で，仮選手管を同心円状
~r:分化しながら j兵部切断ÎÜîの斜外方 lこ I!fi手起し('i日ミ 25) ， その先端部は次第に治:fUlの方向民生長
した(写真26). また，このn初切には，培養物の中央部の大li級官;来に対応する皮怒最外j爵の
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細目包が分裂してカノレスを主主じ，表皮を破って側関lζ突出した.




















(3) NAA 0.5 mg/lとカイネチン 2.0mg/lの組合せ添加13:

























































托34)や Haworthiaspp. の花íl41!切片 19) はサイトカイニン添独添加 J-f\~i'地で，また，ヒヤシンスな
どの花茎切片14)はオーキシン単独添加綾地でカルスを形成した.
オーキシンとカイネチンを組合せて添加した培地で椛養した‘穆阪の桜'の茎切片lとはカノレス
が生じ，そのカノレスl乙， NAA 0.5 mg/lとカイネチン 0.1mg/lの組合せ添加誌の培養物を除いて，
宮崎・路間・限代・金将:キクの組織培養 (努~5 級) 51 
シュートの原主主が分化した.シュートの発生は，カイネチンと IAAを組合せて添加したiまでは
ほとんどの培養物に認められたが， NAA を~Ji合せて添加した区では発生切片数が少なかった









NAA 0.5 mg/lとカイネチン 0.1mg/lの組合せ添加iぎでは，カノレスのなかに般が形成された.
一般に invitroでの綴の分化はサイトカイニン濃度よりもオーキシン濃度が商い場合(絶対盆
はほとんどの場合 1.0mg/1以下) 1乙起ることが知られている. また，オーキシンのなかでも
NAAが設も発根促進効来が高いようである5)7)1)削 3)
菜横誌r切片を IAA3.0 mg/lとカイネチン1.0mg/l， NAA 0.5 mg/ lとカイネチン0.5あるいは







される13)16) また， 1硲芯によって強制的lζ不定~-:を発生させた場合，シキキツでは形成層から 36)
キクでは表皮あるいは sub-epidermisから40)生じることが報告されている.一方 invitroでは，
不定:tfは叢が供試された場合，表皮8)D)15)27)41)42) ド皮(5) sub繍epidermisJ2)削 43) 皮foll)日)25)27)
飾部日)25) 形成隠制27) 木部柔弱I日包25) 内部i部出)あるいは髄制から発生し， ドIJ五1!4lJ1)では表皮
とsub-epidermisから，花梗4)35)では表皮から，業の場合は表皮1l7)28)H)あるいは sub-epider-






裂によって生じ， 内飾昔s由来のシュートは， 内百ji音sの strandが欣射J'i向の切断聞から接線方向


















胞に起源した.このことは， )c .!l;~ *f~ I{i' :>![ :1J'皮 IT~i 最外間の細胞のシュート形成能力の発王誌に関与し
ていることを示唆しているものと考えられる. タバコ部)の茎j筑波r切片とそれらの茎織成組織切
)1 :1J'~長調節物質古!f添加:ll'\' ifu でJ:11~:~設された場合，カノレスやシュートを形成する切片の割合は茎綴
断切片がi渇く， Z主総成組織切片では，散在している形成j時や飾部が多く含まれているほど向くな
った.従って，級官来がカノレス形成や形態形成を~すホノレモンを含んでいるものと考えられてい








しても常に培地孤とは反対側の切断rfi近傍に形成された.係性lζ関して， Nitsch and Nitsch30) 
はキクイモの塊茎の秘付片を放射方向に切取ることによってその発主誌を避け， Butenko5)や

























(2) オーキシン単独添加 iまの峨養物にはli'~I:養 2-5 日後 lζ柔細胞の肥大と ]yt 官官切断lIíî近傍の
柔細胞の分裂が認められ， NAA 単独添加況の土庁養物を除いて， カノレスが形成された.しかしな
がら，その後間もなく髄K深い亀裂が入り，皮Hfi栄細胞が側}仰と突出して，争hl変が起った.




5. シュートは， IAA 3.0 mg/lとカイネチン1.0mg/l， NAA 0.5 mg/lとカイネチン 0.5mg/l 
あるいは 2.0mg/l，および 2，4-D0.5 mg/lとカイネチン 0.75mg/lをそれぞれ組合せて添加し










1) Bajaj， Y. P. S. and M. Mader. 1974. Growth and morphogenesis in tissue cultures of Anagallis 
arvensis. Physiol. Plant. 32: 43-48. 
2) Banerjee， S.and S. Gupta. 1975. Morphogenesis in tissue cultures of different organs of Nigella 
sativa. ibid. 33: 185-187. 
3) Bonnett， Jr.H. T. and J. G. Torrey. 1966. Comparative anatomy of endogenous bud and lateral root 
formation in Convolv叫んsαrvensisroots cultured in vitro. Amer. J. Bot. 53: 496-507. 
4) Broertjes， C.， S.Roest and G. S. Bokelmann.1976. Mutation breeding of Chrysanthemum morifolium 
Ram. using in vivo and in vitro adventitious bud techniques. Elψhytica 25: 11-19. 
5) Butenko， R.G. 1964. Plant Tissue Culture and Plant Morphogenesis. pp. 40， 5. Translated from 
Russian. Israel Program for Scienti五cTranslation. Jerusalem. 
6) Caruso，]. L. 1971. Bud formation in excised stem segments of Verbascum thapsus. Amer.1. Eot. 
58: 429…431. 
7) Chlyah， A.and M. Tran Thanh Van. 1975. Differential reactivity in epidermal ce¥ls of Begonia rex 
54 佐賀大学農学粂報第46号 (1979)
excised and grown in vitro. Physiol. Plant. 35: 16-20. 
8) Chlyah， H. 1974a. Formation and propagation of cel division-centers in the epidermal layer of 
internodal segments of Torenia fournieri grown in vitro. Simultaneous surface observations of al 
the epidermal cels. Can. J. Bot. 52: 867…872. 
9) 一 一一一.1974b. Int巴トtissuecorrelations in organ fragments. Organgenetic capacity of tissues ex-
cised from stem segments of Torenia fournieri Lind. cultured separately in vitro. Plant Physiol. 
54: 341-348. 
10) Esau， K. 1960. Anatomy of Seed Plants. p. 207. John Wily & Son， Inc.， New York， London. 
11) Grinblat， U. 1972. Differentiation of Citrus stem in vitro. J. Amer. Soc. Hort. 8ιi. 97: 599-603. 
12) Handro，羽人，P. S. Rao and H. Harada. 1973. A histological study of the development of buds， roots， 
and embryos in organ cultures of Petunia inflata R. Fries. Ann. Bot. 37: 817-821. 
13) Harmann， H. T. and D. E. Kester. 1968. Plant Propagation. pp. 228…229. Prentice-Hall， Inc.， 
Englewood Cliffs， New Jersey. 
14) Hussey， G. 1975. Totipotency in tissu巴 explantsand callus of some members of the Liliaceae， 
Iridaceae， and Amaryllidac巴ae. Jour. exp. Bot. 26: 253-262. 
15) 一一一一一.1976. Plantlet regeneration from callus and parent tissue in Ornithogalum thyrsoides. 
ibid. 27: 375-382. 
16) Janick，]. 1972. Horticultural Science. pp. 348-349.羽T.H. Freeman & Comp. San Francisco. 
17) Jelaska， S.1974. Embryogenesis and organogenesis in pumpkin explants. Physiol. Plant. 31: 257-
261. 
18) Kartha， K. K.， O. L. Gamborg and F. Constabel. 1974. In vitro plant formation from stem explants 
of rape (Brassica nαρus cv. Zephyr). Physiol. Plant. 31: 217-220. 
19) Kaul， K. and P. S. Sabharwal. 1972. Morphogenetic studies on Haworthia: Establishment of tissue 
culture and control of differentiation. Amer. J. Bot. 59: 377-385. 
20) Konstantinova， T. N.， N. P. Aks巴nova，T. V. Bavrina and M. Kh. Chailakhyan. 1969. On the ability 
of tobacco stem calluses to form vegetative and generative buds in culture in vitro. Doklady 187: 
82-85. 
21) 宮崎貞巳・回代洋忍・ j偽沼恒治. 1976. キクの組織培養(第1報). r.~1言形成に測する品種間差異.
佐大段袋.40: 31-44. 
22) 一一一一一・ .ー1977. キクの組織綾養(第2報).茎切片地養生株の染色体数変異.佐大段議.
42: 27-42. 
23) ・一一一一.1978a. キクの級織培養(第3報). 穣々の部分の塙益ーによって伎じた株の染色
体数および花色の変異について.依大mli返.44: 13-31. 
24) 一一…-・一 一.1978b. キクの組織梼養(第4報).茎切片培養における械付・1干の検討.佐大炭
議.44: 67…78. 
25) Milyaeva， E. L.， T. N. Konstantinova， T. V. Bavrina and N. P. Aksenova. 1972. Callus and bud-
forming abiJity of dif，巴renttissues from stems of Trabezond tobacco. Doklady 207: 152-155. 
26) Murashige， T. 1974. Plant propagation through tissue culture. Ann. Rev. Plant Physiol. 25: 136-
166. 
27) Murray， B.E.， R.]. Handyside and W. A. Keller. 1977. In vitro r巴generationof shoots on the stem 
explants of haploid and diploid flax (Linum usitatissimum). Can. J. Genet. Cytol. 19: 177-186. 
28) Nag， K. K. and B. M. Johri. 1970. Effects of cytokinins and injury on the formation of shoot buds 
by leaves of Dendroρhthoe falcata. Planta 90: 360-364. 
29) Nash， L.]. and C. H. Bornman.1972. Movem巴ntof 14C-indoleacetic acid in vitro cultured Nicotianα. 
Phytomoゆh.22: 69-74. 
30) Nitsch，]. P. and C. Nitsch. 1956. Auxin-dependent growth of excised Helianthus tuberosus. 1. 
Amer.よBot.43: 839-851. 
31) Rao， P.S.， S.Narayanaswamy and B. D. Benjamin. 1970. Differentiation ex ovulo of embryos and 
plantlets in stem tissue cultures of Tyわρhoraindica・ Physiol.Plant. 23: 140…144. 
32) 
27: 271-276. 
1972. Morphogenetic investigation in callus cultures of 乃均horaindica. ibid. 
33) 一一一一，W. Handro and H. Harada. 1973. Hormonal control of differentiation of shoots， roots and 
embryos in leaf and stem cultures of Pet仰 iainflata and p，仰 niahybrida. ibid. 28: 458…463. 
'宮崎.t手間.B3代・金j禁:キクの組織全長養 (第5報) 55 
34) Roest， S.and G. S. Bokelmann. 1973. Vegetative propagation of Chrysanthemum cinerari，αefolium 
in vitro. Sci. Hort. 1: 120-122. 
35) ・一… -'.1975. Veg巴tativepropagation of Chrysanthemum morifolium Ram. in vitro・
ibid. 3: 317-330. 
36) Salomon， E.1976. Formation of adventitious buds in decapitated citrus seedlings and the effect of 
some growth regulators. Jour. exp. Bot. 29: 69-75. 
37) Stangler， B.B. 1956. Origin and development of adventitious roots in stem cuttings of chrysanthe-
mum， carnation， and rose. Cornell Univ. Exp. Sta. Mem. 314: 1-24. 
38) Sterling， C.1950. Histogenesis in tobacco stem segments cultured in vitro. Amer. J. Bot. 37: 464… 
470. 
39) ー一… .1951. Origin of buds in tobacco stem segments cultured in vitro. ibid. 38: 761-765. 
40) Stewart， R.N. and H. Dermen. 1970. Somatic genetic analysis of the apicallayers of chimeral sports 
in chrysanthemum by experim巴ntalproduction of adventitious shoots. ibid. 57: 1061-1071. 
41) Tran Thanh Van， M. 1973a. In vitro control of de novo自ower，bud， root， and callus differentiation 
from excised epidermal tissues. Nature 246: 44-45. 
42) ー.1973b. Dir巴ctflower neoformation from superficial tissue of small explants of Nicotiana 
tabαcum L. Planta 115: 87-92. 
43) ……一…， N. Thi Dien and A. Chlyah. 1974a. Regulation of organogenesis in small explants of Slト
perficial tissue of Nicotiana tabacum L. ibid. 119: 149-159. 
44) ー……， H. Chlyah and A. Chlyah. 1974b. Regulation of organogenesis in thin layers of epidermal 
and sub-epidermal cels. In Proc. 3r・dIntern. Cong. Plant Tissue Cell Cultur・e(Str巴巴t，H. E. edふ pp. 
101-139. Academic Press. London， New York. 
56 佐賀大学1ll!学袋線 第46与す(1979)
Explanation of Plates 
Plates 1-4. Stem scgments at thc bcginning o[ culturc. 
Platc 1. A stcm scgmcnt culturcd in vitro. X 3. 
Platc 2. Scanning clcctron micrograph o[ a stcm segmcnt showing pentagonal form and numcrous 
hairs at the outside. X 15. 
Plate 3. Partial transcction showing a largc vascular bundle. X 88. 
cortex， endodermoid， phlocm， cambium， xylcm and pith. X 83. 
Platc 5. Transcction of thc portion a処jacentto the cut surface of apical end of a 払day-oldculturc 
of slcm scgment grown on MS medium with no growth rcgulators showing the parcnchy司
matous cells enlarged but not divided. X 62. 
Platc 6. Longiscction of a 5-day-old culturc of stem segment grown on MS十kinetin(1.0 mgjl) 
medium showing protrusion of cclls from cambium and xylem parenchyma. X 110. 
ca， cambium; co， cortex; en， cndodermoid; ep， epidermis; ph， phloem; pi， pith; xy， xylem. 
In al the figures of longiscctions， epidermis locate at left of page 
';"'Ii!，f . jf.FH・I代・会津.キクの組織法養 (第 5f世) 57 
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Plates 7-8. Stem segments grown on MS十IAA(3.0 mg/l) medium. 
Plate 7. Longisection of a 3-day-old culture showing transverse divisions of the outermost cells of 
cortex， and transverse and tangential divisions of endodermoid cels. X 55. 
Plate 8. Longisection of丘 10-daチoldculture showing parenchymatous cells collapsed. x 35. 
Plate 9. Transection of a 15-day-old culture of stem segment grown on MS十NAA(0.5 mg/l) 
medium showing enlargement of parenchymatous cells and breakdown of cortex. X 35. 
Plate 10. Longisection of a 10-day-old culture of stem segment grown on MS+2， 4-D (0.5 mg/l) 
medium showing tracheary elements differentiated in pith near the vascular bundle. x 88. 
Plates 11-22. Stem segments grown on MS+IAA (3.0 mg/l)十kinetin(1.0 mg/l) medium. 
Plate 11. Longisection of a 乞day-oldculture showing cel divisions of cortex， endodermoid， 
xylem parenchyma and pith. x 88. 
Plate 12. Scanning electron micrograph of a 与day-oldculture showing protrusion of cells from 
the cut s百rfaceof apical end of a segment. X 15. 
cl， callus; co， cortex; en， endodermoid; oc， outermost cortex; pi， pith; tr， tracheary 
element. 
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Plalc 13. Longiscclion of a 5・day-oldculturc showing activc divisions of lhc oulermosl cells of 
cortcx. X 88. 
Platc 14. Longiscclion of a 7-c1ay得。Icculturc showing callus from thc outcnnosl cclls of cortex. 
x 110. 
Platc 15. Scanning e1ectron micrograph of a 15-c1ay-olcl cu¥turc covcrccl with caJl口sfi.om pa凶
rcnchymalous cclls ncar thc cut surfacc of apical end of a segmcnL X 15. 
Plale IG. 1'，・ansc仁lionof a 15也c1ay-olclculturc showing actively c1ivicling cclls with c1ensc cyto-
plasm ancl c1arkly slainccl largc nuclci、Iyingbcncath thc pcriphcral laycr of thc callus 
li.om thc outCI‘most cclls 01" cortex. X 220. 
Plate 17. Transcction 01" a 15-day-olcl culturc showing mcristematic cclls bcneath the periphcral 
laycrs 01' caJlus mass. X 88. 
Platc 18. Longiscction 01" a 15-c1ay-olcl culture showing a cmergcnt shoot primordium with 2 
nc、"Iyc1evelopecl Icaf primordia. X 110 
Platc 19. Longisection of a 15-daチolclculturc showing a shoot primordium with 2 Ical" primorclia. 
x88 
Platc 20. Longis収 lionof a 4仏clay-olclculturc showing shoot primorclia on thc callus li.om thc 
outcrmost cclls 01" cortcx. X 55. 
cl， callus; co‘cortc、x; c1c， dividing ccll; cn， cndodcrmoid; lp， lcafprimordium; mc， 
mcristcmatic ccll; oc， outcrmost corlcx; pi， pith; sa， shoot apcx; sp， shool primordium. 
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Plate 21. Scanning electron micrograph of a 40-day-old culture showing shoot primordia formed 
around the margin of the cut surfacc of a segment. X 15. 
Plate 22. A shoot regcnerated from a culturc of stem scgment. X 2. 
Plates 23-24. Meristcmatic cells formed in a leaf inserted in the shoot regenerated from stem 
segment grown on MS十IAA(3.0 mgfl)十kinetin(1.0 mgfl) medium for 40 days. 
Plate 23. Longiscction of a leaf showing actively dividing cells bencath the epidermis. X 88. 
Plate 24. Longisection of a leaf showing meristematic cells originated from a cell beneath the 
cpidermis. X 88 
Plates 25-27. Stem segments grown on MS十NAA(0.5 mgfl)十kinetin(0.1 mgfl) medium. 
Plate 25. Longisection of a 15-day-old culture showing callus from the outermost cells of cortex 
and仕omendodermoid. X 44. 
Plate 26. Longisection of a 20-day-old culture showing the callus with numerous tracheary 
elements. X 35. 
Plate 27. Longisection of a 50-day-old culture. Note a root primordium formed in the callus 
from the outermost cells of cortex. X 55. 
Plates 28-30. Stem segments grown on MS+NAA (0.5 mgfl)十kinetin(0.5 mgfl) medium. 
Plate 28. Longisection of a 15-day-old culture. Note the callus from the outermost cells of 
cortex. X 88 
cl， callus; co， cortex; cs， cut surface; dc， dividing ccll; cp， epidermis; mc， meristematic 
cell; rp， root primordium; sp， shoot primordium; tr， tracheary clcmcnt. 
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Plate 29. Transection of a 25-day-olcl culture showing the callus with m日，，("roustracheary ele-
ments clistributccl centrifugally. X 44. 
Platc 30. Transection of a 30田day-olclculture showing thc callus with numerous tracheary ele-
ments (left) ancl the callus with no tracheary elements but meristematic cells (right). 
x44. 
Platc 31. Scanning elcctron micrograph of a 25-clay-olcl culturc of stcm scgmcnt grown on iVIS.1 
NAA (0.5 mgfl)十kinctin(2‘o mgfl) meclium showing shoot primorclia formccl arouncl the 
marginal regions of thc Clt surface of a scgmcnl. X 15. 
Plates 32-37. Stem scgmcnts grown on MS+2， 4.-]) (0.5 mgfl) +kinctin (0.75 mgfl) mcclium 
Plate 32. Scanning elcctron micrograph 01' a 10-clay-olcl CUltUl・cshowing protrusion of cells 
bcyoncl the epiclcrmis ancl the cut surface. X 50. 
Plate 33. Scanning eleclron mic・rographof thc superficial cells of callus mass proclllcecl on a 
15-clay-olcl ClllturC showing 111mp-like， ancl papilla“likc projections. X 500. 
Plate 34. Scanning electron micrograph of thc lignificcl cclls in a group of superficial cclls of 
call1ls mass from pilh parenchyma of a 40-clay-olcl clIltlre. X 150. 
Plale 35. Transection of 2仏claチolclcullure. Nolc meristemalic cells in the call1ls from lhe 
oulcrmost cells of corlcx. X 88. 
Plate 36. Scanning elcctron micrograph 01' shoot primorclia on a 40-clay-olcl culturc. X 50. 
Plale 37. Longisection of a 30-clay-olcl cullure. Notc mcristemalic 何 lscoverecl with callus. 
x88. 
cl， callus; cs， Cll SUl仏cc; cp， cpiclermiぉ mc，mcrislemalic cclls; sp， shoot primorclillm; 
lr， trachcary element. 
';ilIM. ;ェド 111 ・ 111代・余月~ .キクの組織1;'~:1主 (第5被) 65 
